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PUMP BA'ITERYSYSTEM ' 
Circulating electrolyte type-‘battery systems are 

known, especially those of the-"type using>a?halogen 
hydrate as the source of halogen. -See,"e:g:;‘-U.S Pat. No. " 
3,713,888 which is hereby incorporated byreference. A 
preferred system is of the zinc/chlorine/ zinc chloride 
type. During the charging of such a battery, zinc is 
plated out of the zinc chloride electrolyte onto one of 
the electrodes and chlorine gas is formed at the other 
electrode. During discharge, the plated zinc goes back 
into the‘ electrolyte solution and chlorine gas is con 
sumed at the other electrode. 
To maximize coulombic efficiency in a system such as 

that described, the ?ux of dissolved chlorine reaching 
the zinc electrode should be minimized during both 
charge and discharge. Dissolved chlorine at the zinc 
electrode surface constitutes the major coulombic ef? 
ciency loss in the zinc-chlorine battery. The present 
invention provides a simple and efficient system in 
which this chlorine flux is signi?cantly reduced on 

' charge while still retaining the necessary ?ow through 
characteristics of the chlorine electrode in the cell on 
discharge. 
The sole FIGURE‘ depicts a schematic view of a 

preferred embodiment of the present invention showing 
, electrodes interconnected in a hydraulic circuit with an 
electrolyte reservoir. The FIGURE shows a battery 
cell 1 which contains two electrodes 2, 3, and electro 

. lyte'4 within a suitable housing 5. The electrodes 2, 3 
‘.a'ridelectrolyte 4 can be any of the electrodes and the 
electrolyte‘ described in the aforementioned U.S. Pat. 
No. 3,713,888. ‘Electrode 2 is the zinc electrode and 
electrode 3 is' the chlorine electrode. 

' Bymeans of .a porous separator 6, cell 1 is divided 
into a. zinc compartment 7 and a chlorine compartment 
8. The separator is preferably va porous valve metal 
separator as exempli?ed by Grould No. 6525 porous 
titanium. In the embodiment shown, chlorine electrode 

‘ ‘ _‘ ‘ 3 is ‘present in the form vof a thin noble metal or alloy or 
oxide thereof catalytic layer on‘the backside of separa 
tor 6, i.e., the side facing away from zinc electrode 2., 
‘A ‘unique way for applying the thin noble metal cata 

lytic layer to 'one'face of the porous valve metal separa 
tor is to dissolve the catalyst in a solvent and then spray 
or paint the catalyst solution‘on the porous valve metal 
substrate which has been preheated to a temperature 

' ' suf?ciently'above the boiling point of the catalyst sol 
vent so that the solvent‘evaporates rapidly on contact 
with the substrate. The ?ashing of the solvent prevents 
the catalyst solution from ‘advancing to the other side of " ' 
{the porous substrate by capillary ,action and, the result 
ingone side noble metal catalyst coated‘ vvalve metal 

‘ substrate is suf?ciently porous to allow the ?ow of 
electrolyte therethrough. 
-A return ‘conduit 9 for electrolyte is ‘provided and 

- interconntectszinc compartment 7 of cell 1 with an 
electrolyte reservoir 10. Similarly, a return conduit 11 
for electrolyte interconnects chlorine compartment 8 of 
cell 1 with reservoir 10. The resistance to electrolyte 
flowof conduit 9 is greater than the resistance of con 

‘ -‘ , duit 11. This ‘can beaccomplished through many proce-, 
‘ I dures'vknown‘ in the art as for example, by providing 

' ‘conduit 9 with a greater inner diameter than the inner 
diameter of conduit 11 and alternatively (or concur— 
rently), positioning conduit 9 so that it is above conduit 
‘11 thereby requiringa greater resistance to ?ow due to 
gravity to be overcome. Electrolyte in reservoir 10 is 

returned to cell 1 through a return conduit 12 which has 
a variable speed 'pu‘m'prassociat'ed therewith. Although 
not essential, conduit1'5'12‘prefe‘rably interconnects with 

- cell 1 in chlorine compartment 8. ' 
During charging‘ of the’ battery, the pump return 

conduit 12 is adjusted such that the electrolyte ?owrate 
vinto the cell is sufficient toforce electrolyte through 

_ conduit 11 but insufficient to vcause electrolyte to be 
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conveyed from zinc compartment 7 through conduit 9 
into reservoir 10. As a result, the anode and cathode 
products are separated. During discharge, the pump can 
be adjusted such that theoverall ?ow rate is greater 
than during charge and/or the resistance to ?ow in 
conduits 9 and 11 can be changed so that there is a 
distinct ?ow through the porous separator 6 from chlo 
rine compartment 8 into zincv compartment 7. As a re 
sult, the performance advantages of a ?ow-through 
chlorine electrode are realized. The main advantage is 
that suf?cient dissolved chlorine (chlorine only dis 
solves to about 3 gm/liter in the zinc chloride electro 
lyte) can diffuse to the active surface in a ?ow through 
electrode to sustain practical discharge current densities 
at a good voltaic performance. The amount of ?ow 
through should be directly tailored to the current being 
down from the cell. During charge, the chloride con 
centration is suf?ciently high at all times to preclude 
mass transport problems even in the non-?ow through 
mode. It will thus be recognized by those skilled in this 
art that ef?ciency of the system is maximized during 
.both charge and discharge when the instant system is 
used. ‘ 

Various changes and modi?cations can be made in‘ 
the present invention without departing from the spirit 
and scope thereof. The various embodiments disclosed 
herein were for the purpose of further illustrating the 

‘ invention but were not intended to limit it. 
a I claim: 

‘ ‘ 1. An adjustable‘flow battery system comprising a 
cell containing two electrodes-and a porous separator 
therebetween so as to de?ne ?rst and second compart 
ments, an electrolyte reservoir, a first conduit intercon 
necting said ?rst compartment to said reservoir, a sec 
ond conduit interconnecting said second compartment 
to said reservoir, said ?rst conduit having a greater 
resistance to ?ow of electrolyte than said second con 
duit‘, a third conduit interconnecting said reservoir and 
said cell, and a variable speed pumping means asso 
ciated with said third conduit, whereby said system is 
adapted to separate anode and cathode products on 

g charge while permitting distinct‘ ?ow through said po 
rous separator on discharge. , 

,2. The battery system of claim 1 wherein said ?rst 
conduit has a greater inner diameter than said second 
conduit. _ ‘ v ‘ . 

3. The battery system of claim 1 wherein said ?rst 
conduit achieves a height greater than that achieved by 
said second conduit whereby electrolyte in said ?rst 
conduit must overcome greater gravity forces in order 
to?ow to said reservoir. ' 

4. The battery system of claim 3 wherein said ?rst 
conduit has a greater inner diameter than the inner 
diameter of second conduit. 

5. Thebattery system of claim 1 wherein said porous 
separator isa porous valve metal. 

6. The battery system of claim 5 wherein said metal is 
titanium. 
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7. The battery system of claim 1 wherein the elec 
_ trode in the second compartment is present in the form 
of a coating on said porous separator. 

8. The battery system of claim 7 wherein said third 
conduit interconnects with said cell in said second com 
partment. 

9. The battery system of claim 8 wherein said porous 
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4 
separator is a porous valve metal and said electrode 
coating on saidrporous'separator is a noble metal or 
alloy oroxide thereof; ' 

10. Thegbattery system of claim 9 wherein said valve 
metal isv titanium and wherein said-noble metal or alloy 
or-oxide thereof ‘is ruthenium oxide. 
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